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Pig. 1.—Rock phosphate mining on Christmas Island. After removal of the Indigenous trees and about 3 feet 
of soil overburden, the layer of rock phosphate Is exposed. It Is about 30 feet deep and lies among limestone 
pinnacles, some of which, now freed of phosphatlc rock, are seen on the left of the picture. 
Photo by courtesy of British Phosphate Commission. 
CHRISTMAS ISLAND ROCK PHOSPHATE 
IN POULTRY FEEDING TRIALS 
By P. SMETANA, Agricultural Adviser, and D. K. GILES, Agricultural Adviser 
IN Western Australia, increasing quantities of ground rock phosphate from Christmas Island are being incorporated in stock foods to increase the calcium and phos-
phorus content. In a previous article (Snook 1958) experiments are reported 
which indicate tha t this particular rock phosphate can be incorporated in the rations 
of laying hens without any apparent effect on the health or productivity of the 
birds. 
A further series of experiments have 
been carried out a t the Poultry Research 
Station, Herdsman Lake, to determine the 
effect of feeding ground rock phosphate 
from hatching to the end of productive 
life. Tests were also made to determine 
if rock phosphate supplements had any 
effect on hatchability. 
The experimental findings are discussed 
under the heading of Rearing, Laying and 
Hatching. 
REARING 
On September 5, 1955, 108 day-old first-
cross pullets were obtained for an experi-
ment. The birds were brooded for the first 
four weeks in metal cages with litter floors 
and then reared intensively in wooden 
colony cages with slatted floors until the 
pullets were 18 weeks old. During this 
period the birds were subjected to three 
treatments with 36 birds on each t reat -
ment, and three replications of 12 birds 
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within each t reatment . The three treat-
ments will be designated hereafter as C37, 
C38 and C39, these numbers referring to 
the ration numbers. 
Essentially the three groups consisted of 
a ration without mineral supplements 
(C37), a ration with approximately 2 per 
cent, rock phosphate (C38) to supply the 
mineral requirements, and a normal ration 
(C39) with bonemeal and oyster flour 
supplying calcium and phosphorus. 
Ration C37 contained 1.3 per cent, cal-
cium and 0.63 per cent, phosphorus. The 
entire available calcium and phosphorus 
content of this ration was supplied by the 
protein rich foods whalemeal and meat-
meal. Despite the absence of mineral sup-
plements in this ration, the level of 0.63 
per cent, phosphorus is well above 0.5 per 
cent, which is regarded as being the mini-
mum requirement for chickens. A level of 
1.3 per cent, calcium is also above the usual 
recommendations of 1.0 per cent. There-
fore, al though no mineral supplements 
were included, the ration should have been 
adequately supplied with both calcium and 
phosphorus. 
This is explained by the fact tha t the 
rearing diets contained 18 per cent, crude 
protein instead of the lower levels of pro-
tein usually fed to replacement stock. The 
extra whalemeal and meatmeal used to 
mainta in an 18 per cent, protein ration in 
addition to supplying extra protein also 
provided additional calcium and phos-
phorus. 
Ration C38 contained rock phosphate at 
the level of 1.97 per cent, which gave the 
ration a calcium content of 1.96 per cent. 
and a phosphorus content of 0.98 per cent. 
I t was thought tha t this ration would be 
suitable as a rearing ration unless the 
fluorine content was high enough to cause 
fluorosis. 
The third ration, C39, was similar to 
C38 but there boneflour and oyster flour 
were used to supply the mineral require-
ments. This ration contained 2 per cent. 
calcium and 0.77 per cent, phosphorus. 
Both ration C37 and C38 have calcium 
and phosphorus contents in excess of the 
usual recommendations. I t is generally 
recommended to feed about 1 per cent, of 
calcium and 0.6 to 0.8 per cent, of inorganic 
phosphorus until maturity. Unless amounts 
greatly in excess of the above figures are 
fed it is unlikely tha t any adverse effect 
will result as there seems to be a certain 
amount of tolerance by the birds in this 
respect. On the other hand it would not 
be advisable to feed less than 0.5 per cent. 
phosphorus in a commercial feed. 
During the rearing period the birds were 
weighed at monthly intervals and a check 
was also kept of feed consumption. I t was 
found that feed consumption for the three 
groups was similar and from Table I 
(below) it will be noticed that the growth 
rates of the birds on each treatment were 
practically identical. It would seem that 
each of the three rations used was suitable 
for the rearing period, as not only are the 
body weights the same, but they are also 
























During the first four weeks while the 
chickens were in 12 bird cage brooders, the 
percentage mortality for the three treat-







1 1 1 









I t will be noticed from this table that 
chickens on the rock phosphate treatment 
had a high mortality rate during the first 
four weeks. For this reason it was import-
ant to determine whether rock phosphate 
was in any way connected with these 
deaths or whether other causes were 
responsible. A study of available literature 
failed to reveal reports of sudden deaths 
which could be ascribed to excessive 
fluorine in the diet. The survivors in this 
trial grew as well as the birds in the other 
groups. I t seems reasonable to attribute 
the death to faulty brooding. However, 
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to eliminate all doubt in this regard the 
trial was repeated in 1958. 
In this second trial the chickens were 
subjected to three treatments with six 
replications of five birds on each treat-
ment. The first treatment consisted of a 
normal diet containing 16 per cent, protein 
and bonemeal and supplying 1.1 per cent. 
calcium and 0.6 per cent, phosphorus. In 
the second treatment 2 per cent, rock phos-
phate replaced the bonemeal giving 1.9 
per cent, calcium and 0.9 per cent, phos-
phorus. The third treatment was the same 
as the second except that the rock phos-
phate level was doubled in order to double 
the fluorine content. 
At five weeks of age one death had oc-
curred in each of the control and 2 per 
cent, rock phosphate groups while four 
chicks had died in the group receiving 4 
per cent, rock phosphate. Two of the four 
chickens that died on 4 per cent, rock 
phosphate were submitted for laboratory 
post-mortem but the cause of death could 
not be determined. 
At the age of eight weeks a bone analysis 
was made on nine birds (three from each 
treatment). The fluorine content of the 
ash in parts per million is given below:— 
Table III 
Ration Fluorine in Ash 
ppm. 
Control 5,300 
2% Rock Phosphate 9,200 
4% Rock Phosphate 10,300 
The significant feature of this second 
growing trial is that only one chicken died 
of the 30 which were raised on the ration 
containing 2 per cent, rock phosphate. 
This gives a percentage figure for mor-
tality of 3.3 which is in contrast with the 
27.8 per cent, mortality for the first four 
weeks obtained from the trial caried out 
in 1955 using an identical ration. In the 
light of this new data it would appear 
that the high mortality of 1955 was due 
to causes other than the use of rock 
phosphate. 
The chickens used in this second experi-
ment were reared until the age of eight 
weeks. Body weight, feed consumption 
and conversion ratios are given in Table 
IV. These figures refer to eight week old 
pullets. It is interesting to note that the 
birds on the 2 per cent, rock phosphate 
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The "within treatment" variation was 
far greater than the "between treatment" 
variation, therefore the differences in 
body weight are not significant and neither 
treatment had an effect on body weight. 
A third rearing trial was carried out in 
1959. This trial consisted of two treat-
ments with 120 pullets in each treatment 
and six replications of 20 within the treat-
ments. The two rations used were a stan-
dard chick diet which served as the control 
ration and another similar ration except 
that ground rock phosphate from Christ-
mas Island was included at a 2 per cent. 
level. 
The 12 groups of 20 chickens were 
selected at random at day old and brooded 
under similar conditions in wire cages 
with deep litter floors and hot water pipes 
supplying heat. At the age of 5i weeks 
the birds were transferred within their 
groups to six rearing sheds where they 
remained until the end of the experiment 
when the birds were ten weeks old. 
Accurate records were kept during the 
experiment and in Table V, mortality, body 
weight gains and conversion ratios for the 
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Fig. 2.—Metal brooding cages 
lieated by electric light globes 
were used to brood the chicks 
In the first rearing trial. 
The majority of the deaths on diagnosis 
were found to be due firstly to a vitamin 
E deficiency, which was overcome by the 
addition of fresh wheat germ, and later 
to uraemia which was effectively treated 
by the use of the antibiotic terramycin. 
From the above figures it is evident that 
rock phosphate, because of its fluorine 
content was not responsible for the deaths 
as not only was the mortality of the rock 
phosphate group considerably lower than 
that of the control group but also the 
number of deaths was not excessive by 
normal standards. Of the ten deaths 
which occurred in the rock phosphate 
group, diagnosis showed that three were 
due to vitamin E deficiency, four died from 
uraemia and the remaining three were 
unsuitable for post-mortem examination. 
As in the other two rearing experiments, 
growth of the rock phosphate fed birds 
compared very favourably with that of the 
control groups and there was no evidence 
of any growth depression which could be 
ascribed to the fluorine content of ground 
rock phosphate. Indeed in this trial the 
birds on rock phosphate once again were 
slightly heavier in weight on the average 
than the control flock. The range in in-
dividual body weights of birds on the two 
treatments was measured at the age of 
ten weeks and this too was found to be 
almost identical for the two groups. 
The ground rock phosphate used in this 
trial was procured from a fairly recent 
consignment. A sample of this was 
submitted to the Government Chemical 
Laboratories for analysis and was found 




Calcium (Ca) 35.6 
Phosphorus (P) 16.6 
Fluorine (F) 1.35 
SUMMARY OF REARING RESULTS 
It has been general practice in this 
State to omit rock phosphate from the diet 
of all young stock, because of the uncer-
tainty of the effect of the fluorine content 
in rock phosphate. Three trials have been 
carried out to gain information on this 
matter and although the first showed a 
high mortality rate in chickens which 
were fed a 2 per cent, level of rock phos-
phate, the second trial gave a very low 
mortality figure, and in the third trial the 
mortality was considerably lower than 
that for the control group. It would be 
expected that if rock phosphate was in-
jurious to chickens a similar result would 
be obtained for each trial but as this was 
not the case it strongly suggests that the 
deaths in the first trial were due to other 
factors. 
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Regular and correct lubrication is the 
answer. But it must be Shellubrication. 
The Shellubrication system is based on 
your individual handbook recommen-
dations. Each Shell Dealer has a 
double-check reminder book which 
tells him what to do and when to do it, 
according to your total speedo reading. 
Nothing for you to remember except 
. . . when your speedo says '000' every 
thousand, take your car to any Shell 
Station, the only place where you can 
get this surer service for your car. 
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When chickens are fed excessive 
amounts of fluorine their growth rate is 
markedly depressed especially during the 
first eight weeks. The results of this 
experiment indicate that the group on 
rock phosphate in the first trial showed 
no decrease in body weight over the con-
trol groups. In the second and third trials 
the birds on 2 per cent, rock phosphate 
were slightly heavier than the chickens in 
the respective control groups. This satis-
factory growth rate shown by the chickens 
fed on rock phosphate is a most significant 
feature as far as the safety of rock phos-
phate as an ingredient in poultry diets is 
concerned. 
Where phosphorus rich materials are in 
short supply it now seems fairly certain 
that rock phosphate may be used for young 
stock as well as adult birds. A most im-
portant consideration here is to ensure 
that the level of rock phosphate never 
exceeds 2 per cent, in chicken diets. 
LAYING 
On February 9, 1956, when the birds in 
the first rearing experiment were 22i 
weeks old, they were transferred from the 
wooden colony cages to nine small deep 
litter pens. The rations were changed at 
this stage to a 16 per cent, protein laying 
mash and redesignated as Rations 249, 250 
and 251 instead of C37, C38 and C39 re-































































In addition to the above ingredients, a 
vitamin A and D3 supplement, salt, man-
ganese sulphate and greenfeed were in-
cluded in each ration at optimum levels. 
Soon after the birds were placed in the 
deep litter pens there was an outbreak of 
uraemia (bluecomb). This was treated 
with molasses and although there was a 
response it was short lived, a deterioration 
occurring after the first week. At this 
stage the antibiotic, terramycin, was used 
in place of molasses. Response was rapid, 
the birds recovered completely but egg 
production was low for several weeks. 
The laying trial extended from February 
9, 1956, to December 1, 1956, the records 
kept being egg production, feed consump-
tion and mortality. On June 21, 1956, the 
rations given above (249, 250 and 251) 
were replaced by breeders' rations in order 
to carry out hatchability trials. One week 
later (June 28, 1956), cockerels were put 
in with the hens and a fertility and 
hatchability trial commenced. 
The following figures refer to the 42 
week laying period:—• 
Table VII—Percentage Lay and Hen Housed 
Ration .... 
Average Percentage Lay, 9th 
February to 1st December 











It is evident from the percentage lay 
figure that there was no significant differ-
ence between the three treatments as far 
as egg production was concerned. The 
comparatively lower hen housed figure of 
134 for ration 251 is explained by the fact 
that the group of birds on this ration had 
a higher mortality than the other two 
groups. These deaths could not, however, 
be related to the ration. There was a con-
siderable variation between replications 
which further indicates that egg produc-
tion was not influenced by any of the 
rations. This result is consistent with that 
obtained in the experiment conducted at 
the Animal Health and Nutrition Labora-
tories and reported in a previous issue of 
the Journal of Agriculture. 
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The feed-consumed-per 
figure from February 9 to 








Lb. Feed per Dozen 
6-56 
7 1 4 
6-83 
HATCHING 
One of the reported effects of a high 
fluorine intake in poultry is to depress 
hatchability. In order to determine 
whether this was the case with the treat-
ment on rock phosphate, all the birds 
which had been raised from day-old were 
mated and the eggs used for incubation. 
The birds undergoing egg production 
trials were placed on a breeders' ration 
with the following constituents:— 
Pig. 3.—Three of the 12 hot 
-"ater brooding units used In 
the second and third rearing 
trials. 
An interesting feature arising from 
these results is that the birds on ration 
249 which contained only 0.48 per cent. 
inorganic phosphorus, gave a slightly 
better performance than the other treat-
ments. This indicates that laying birds 
seem to have a fairly wide tolerance to the 
phosphorus level in their diet. However, 
these birds would be on a ration very near 
the lower limit for this mineral and it 
should be stressed that a margin of safety 
Is advisable and the level should not be 
allowed to fall below 0.6 per cent. 
A wet litter problem in the industry 
caused by liquid droppings has at times 
been suspected to be due to the feeding of 
rock phosphate to laying birds. During 
the course of the experiment at the 
Poultry Research Station a constant check 
was kept on the consistency of the drop-
pings of those birds on rock phosphate but 





Wheat (Coarsely Gristed) 
Oats (Finely Gristed) 
Whalemeal .... 
Meatmeal 
Skim Milk Powder 
Dried Brewer's Yeast 
Oyster Flour 
Common Salt 
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Also 1£ oz. of wheat per bird was fed 
daily. 
On June 28, a week after the birds had 
heen on a breeders' ration, cockerels were 
placed into each deep litter pen. Nine 
.Australorp cockerels from two families 
-were used in such a way that each cockerel 
-was left in a particular pen for only five 
•days, thus overcoming fertility effects 
•which could arise due to the sire. 
Three weeks after mating, a start was 
made to save the fertile eggs. All eggs 
laid by the birds on the three treatments 
•were placed in the incubator, regardless 
•of size and quality. This procedure was 
•continued until October 4, 1956 and the 
fertility and hatchability measured. A 
summary of the results is given in the 
following table:— 
Table X 
dumber of Eggs Set 
dea r s 6th day 
Dead in Shell 6th day .... 
Dead in Shell 18th day .... 
Dead in Shell day of Hatch 
Hatched 
fertility (%) 





































It can be seen from Table X that fer-
tility was lowest in the group of birds on 
the rock phosphate ration. However, too 
much significance cannot be placed on 
this fact as low fertility was not evenly 
distributed over the three pens on the 
rock phosphate treatment. Of the three 
pens, one had 62 per cent, of the infertile 
eggs whereas another pen had only 8 per 
•cent, of the total infertile eggs for the 
group. Also the occurrence of "clears" did 
not follow a pattern over the different 
hatching dates, which suggest that the 
presence of rock phosphate did not neces-
sarily account for this slightly lower 
fertility figure. 
When hatchability figures for the three 
treatments are compared, no noticeable 
difference is evident. This would indicate 
that rock phosphate at the level used in 
this experiment was not injurious to 
hatchability. After considering the egg 
production trials where the group on rock 
phosphate compared favourably with the 
others, it would have been reasonable to 
expect a negative response from the eggs 
hatched from the group on rock phosphate 
as egg production is usually affected before 
hatchability if the fluorine content of the 
ration is at a dangerous level. 
CONCLUSIONS 
The possibility was examined of utilising 
Christmas Island rock phosphate as a 
source of phosphorus and calcium in 
poultry rations. From the experimental 
data it may be concluded that rock phos-
phate can be successfully used for laying 
birds without noticeably affecting either 
egg production or hatchability. Confirm-
ing evidence was obtained in regard to the 
feeding of rock phosphate to young stock, 
the most noticeable feature being the simi-
larity of the growth rates of the birds on 
the different rations. 
When using rock phosphate in poultry 
diets the following points should be kept 
in mind. 
Firstly the level of rock phosphate in a 
chicken ration should not exceed 2 per 
cent. Secondly it is possible that some 
variation in the fluorine content of various 
samples of rock phosphate may differ 
appreciably especially where shipments 
from different localities are concerned. 
Fortunately all of the rock phosphate 
available in this State at present is de-
rived from the same area (Christmas 
Island) and would be fairly uniform in 
composition. If at any future date rock 
phosphate is imported from other sources 
it would be necessary to analyse samples 
and carry out further feeding trials. 
From the results of these experiments 
and the findings of Dr. L. C. Snook (The 
Journal of Agriculture of Western Austra-
lia Volume 7 No. 5) it can be concluded 
that when 2 per cent. Christmas Island 
rock phosphate is included in poultry 
ration, the fluorine content is not high 
enough to have any deleterious effects on 
the birds, and this ingredient may be 
safely included in all rations wherever it 
is so desired. 
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GRASSLANDS the * forage 
harvester with a BUILT-IN TRAILER 
and automatic unloader! 
ABOVE: Forager empties melt 
automatically simply by opera-
tion of a lever 
the world's only complete Forage Harvester! 
The ONLY forager which cuts, 
loads, carries and unloads itself 
mechanically. 
The ONLY forager which can be 
unloaded directly on to stack 
simply by operating a lever. (See 
photo above.) 
Cuts ANY crop—no special attach-
ments. 
No trailers to buy. 
Trails fully offset from tractor. 
The Grasslands Forager has 
proved so popular that there are 
now approximately twice as 
many in use in Australia as all 
other makes put together! 
One owner writes: " . . . single-
handed I made a 100-ton stack 
in 24 hours." Another has 
shown that the best quality 
silage can be made for less than 
II- ton. Owners' letters con-
taining many such statements 
are re-printed in our 16-page 
booklet. Send for your copy now. 
No crop too tall. Here, 
forager is cutting dense, 
irrigated sacchaline for silage. 
Height of cut is fully adjust-
able. 
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